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Implementation of MAPF-based Fleet Management System
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Abstract: Multiple AMRs have been proved to be effective in improving warehouse productivity by
eliminating workers’ wasteful walking time. Although Multi-agent Path Finding (MAPF)-based solution
is an optimal approach for this task, its deployment in practice is challenging mainly due to its imperfect
plan-execution capabilities and insufficient computing resources for high-density environments. In this
paper, we present a MAPF-based fleet management system architecture that robustly manages multiple
robots by re-computing their paths whenever it is necessary. To achieve this, we defined four events
that trigger our MAPF solver framework to generate new paths. These paths are then delivered to each
AMR through ROS2 message topic. We also optimized a graph structure that effectively captures spatial
information of the warehouse. By using this graph structure we can reduce computational burden while
keeping its rescheduling functionality. With proposed MAPF-based fleet management system, we can
control AMRs without collision or deadlock. We applied our fleet management system to the real
logistics warehouse with 10 AMRs and observed that it works without a problem. We also present the
usage statistic of adopting AMRs with proposed fleet management system to the warehouse. We show

that it is useful over 25% of daily working time.

Keywords: AMR (Autonomous Mobile Robot), FMS (Fleet Management System), MAPF (Multi-Agent

Path Finding)
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2.1 Multi Agent Path Finding (MAPF)
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[Table 1] Classical MAPF problem

G=(VE)

input agent’s source node: s = [1, -;

undirected graph:

K-V
K-V

agent’s target node: = /1, ‘-,

sequence of actions for agents:
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Start the main loop

f//' R

Assign current goals for each robot

l

AGENT & OBSTACLE classification

l

Assign priorities for each AGENT

l

Priority based MAPF

l

Analyze and refine plans

l

Clean up arrived plans and transfer new plans

~

Wait until an event is triggered

[Fig. 1] The generalized online MAPF Framework
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[Fig. 3] (@) A MAPF result on a grid map. The s; and t; represent
start position and goal for i-th robot. We can see the sharp corner
in result path of robot#3 marked with dotted circle. (b) A MAPF
result on a one-line grid map. Result paths of the same start position
and goal as [Fig. 3(a)]. In above results, the robot#1 will wait for a
while on zone between J10&J11, and the robot#3 will wait for a
while on zone between J05&06 to prevent conflict or deadlock
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_ [Fig. 9] (a) Cumulated distance traveled by each robot per day

(km). (b) Cumulated number of POI arrivals by each robot per
[Fig. 8] An example of deadlock day. (c) Average operation hours of each robot per day (hours)

[Table 2] Average number of POI arrived by each robot per 10 round trips (total 20 trips)

Robot ID A B C D E F G H I J Avg.
without replanning | 14.0 14.0 13.7 12.7 13.7 13.7 133 12.7 12.7 12.3 133
proposed method | 20.0 20.0 20.0 20.0 19.7 18.7 19.0 19.3 183 17.7 19.3
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